To elucidate the discriminating processes of surface depth and boundary form in global stereopsis, event-related brain potentials (ERPs) were investigated by the detection of combinations of the attributes in random sequences. The attentional relevance of depth or form was associated with selection negativities (SNs) over the lateral occipito-temporal regions initiating at about 200 ms post-stimulus. The initial SNs were elicited irrespective of relevance to the other feature; the following parts increased only for stimuli with crossed disparity having the relevant dimension of the other feature, suggesting the independent selection of stereoscopic depth and form followed by the perceptual integration into an object.
Introduction
The invention of random-dot stereograms (RDSs) by Julesz clearly shows that with binocular disparity alone it is sufficient to perceive depth without any of the familiar structure within the monocular image (Julesz, 1971) . Furthermore, binocular disparity is a powerful cue for determining three-dimensional structure of that object. For example, when RDSs with a small squareshaped region that has crossed disparity relative to its surroundings gives the impression that a front-parallel plane with a square-shaped border is floating in front of the background (see Fig. 1 ). On the other hand, RDSs with a region that has uncrossed disparity gives the qualitatively different impression as if there were a window in a wall. Thus, binocular disparity itself plays a critical role in determining which surfaces, or objects, the border 'belongs' to (Nakayama, 1996) , in addition to affording perception of form of border and depth of surface.
Revealing the neural bases of stereoscopic perception is one of most challenging themes in visual sciences.
For example, although neurons selectively responding to disparity have been found in a number of visual cortical areas of the primate brain,6 it is not clear which of these areas are involved in depth perception and what aspect of depth perception they serve (DeAngelis, 2000) . The main anatomical connections are considered to be in the dorsal streams including V1, V2, V3, MT, MST (for a review, see Gonzalez and Prez (1998) ), and the parietal association cortex (Sakata et al., 1999) , whereas disparity selective neurons were also found in the ventral stream including V1, V2, V4 (De Yoe & Van Essen, 1988) , and the inferior temporal cortex (Janssen, Vogels, & Orban, 1999) . Thus, stereoscopic information seems to be represented both in the dorsal and ventral streams, which neuroanatomically and neurophysiologically identifies 'where' and 'what' visual pathways (Ungeleider & Minshjkin, 1982) . Human studies also indicate the contribution of the two streams to stereoscopic vision. Neuroimaging studies using fMRI and PET suggest that visual areas from V1 and V2 to the inferior parietal region were activated during stereopsis (Ptito et al., 1993; Gulyás & Roland, 1994; Kwee, Fujii, Matsuzawa, & Nakada, 1999) , whereas findings from damage patients indicate the importance of the inferior temporal region for seeing RDSs (Cowey & Porter, 1979; Ptito & Zatorre, 1988; Ptito, Zatorre, Larson, & Tosoni, 1991) .
One approach for exploring the functional organization of the visual cortex is investigating neural activities during a variety of vision tasks (Corbetta, Miezin, Dobmeyer, Shulman, & Petersen, 1990; DeAngelis, 2000) . In behavioral studies, two kinds of tasks have been used for investigating stereoscopic vision (Chung & Berbaum, 1984; Kingdom, Simmons, & Rainville, 1999; Ziegler & Hess, 1999) . The first is the near/far task, in which the surface depth of a region is judged as to whether it is near or far relative to the surroundings or to a depth of reference marker. The second involves discriminating the shape of boundary formed by disparity contrast. Interestingly, some discrepancies between depth and form resolution in stereopsis have been reported, nevertheless they are both due to binocular disparity. The discrimination of form is systematically influenced by the first fixated depth plane but depth discrimination is not (Chung & Berbaum) . Form judgements are impaired by isoluminant RDSs but not depth judgements (Kingdom et al.) . Depth could be perceived but not shape in nonlinear (second-order) stereopsis in which disparity is defined by contrast envelopes (Ziegler and Hess) .
There could be two explanations regarding the physiological basis of the depth and form solution. Kingdom et al. (1999) when discussing the dissociation of depth and form in stereopsis stated that the resolution of stereoscopic form might involve higher processing than that of depth; more precise cooperative processes operating between neighboring disparity-tuned neurons are needed than that for stereoscopic depth. However, there have been cases where the discrimination of form was more accurate than that of depth (Chung & Berbaum, 1984) . It might be possible to assume that the depth and form could be processed independently via separate neural channels, as discussed by Ziegler and Hess (1999) ; the 'what' ventral pathways may be associated with the identification of stereo-shape; the 'where' dorsal pathways with the stereoscopic depth of a limited number of objects.
To investigate the above hypothesis, the present study recorded event-related brain potentials (ERPs) during depth and form judgement generated by RDSs. ERP can be a particularly useful tool in revealing the timing and organization of the selection processes of multiple visual attributes (for recent reviews see Martin-Loeches, Hinojosa, & Rubia, 1999) . In the typical paradigm for investigating mechanisms of multidimensional selection using ERP, the subject is required to attend to one of four possible stimuli with two attributes each having two values that varied orthogonally at any given time. Then, the stimuli may be labeled according to whether they share both depth and form (D+ F+ ), depth alone (D+ F − ), form alone (D− F+ ), or neither (D− F− ) with the attended conjunction (see Fig. 1 ). The onset latency of selection-related ERP differences can provide information about the time course with which the individual features and feature conjunctions are selectively processed according to task relevance, and the interactions can help to distinguish mechanisms of hierarchical dependent or independent feature processing (e.g. Hansen & Hillyard, 1983; Hillyard & Mü nte, 1984; Smid, Jakob, & Heinze, 1997) . A contingent or hierarchical relationship can be characterized by the results that task relevance or attention effect for one property under unattended values of the other property is completely absent (e.g. if depth relevance is hierarchically dependent on form relevance, (D+ F− )− (D− F− )= 0). An independent or exhaustive relationship can be characterized by the results that task relevance or attention effect for one property is present irrespective of the other property (e.g. if depth relevance effect is independent from form relevance, (D+ F− )− (D− F− )= (D+ F+ )− (D− F+ )).
Stimuli having relevant or attended features on the basis of non-spatial features elicit broad negative potentials compared with irrelevant or unattended features, named selection negativities (SNs), which begin 140-180 ms post-stimulus and persist for another 200 ms or more (Harter & Aine, 1984) . The SN is best observed in difference potentials in which the ERP elicited by a stimulus with the unattended feature value is subtracted from the ERP elicited by the same stimulus when it has Fig. 1 . Schematic illustrations of cyclopean view of four kinds of stereoscopic stimuli generated by RDSs. They were defined by orthogonal combinations of depth (i.e. disparity direction (crossed/uncrossed disparity)) and form (i.e. disparity area (vertical/horizontal bar)). The stimuli were classified by relevance of the task, in which one of the stimuli was detected throughout blocks. D + F+ indicates depth and form dimensions were relevant to the task (i.e. target); D+ F − indicates that depth was relevant but form was irrelevant; D −F + indicates that depth was irrelevant but form was relevant; D− F− indicates that depth and form were irrelevant. the relevant value of the attended feature. Whereas relatively few studies reported the hierarchical relationship between SNs to size being contingent upon color (Wijer, Mulder, Okita, & Mulder, 1989) and color and motion upon spatial location (Hillyard & Mü nte, 1984; Anllo-Vento & Hillyard, 1996) , the independent relationship has been observed between SNs to various visual features such as orientation vs. spatial frequency (Kenemans, Kok, & Smulders, 1993) , orientation vs. color (Karayanidis & Michie, 1997) , color versus shape (Smid et al., 1997) , motion vs. color or shape, (MartinLoeches et al., 1999) , and color versus pattern (Michie et al., 1999) . These appear to be consistent with the notion that the visual features are processed via the parallel and independent cortical organizations, which are selectively enhanced by the attentional demand (e.g. Corbetta et al., 1990; Chawla, Rees, & Friston, 1999) . The scalp distribution of the SNs can also be useful in revealing the localization of selection processes of visual attributes. The different scalp distributions of SNs have been reported between features such as motion and color, color and shape which has been considered to be separately localized in the visual cortex (Anllo-Vento & Hillyard, Martin-Loeches et al., Michie et al.) . The neural sources of color SN were estimated to be in the cortical areas that were identified by previous neuroimaging studies as being involved in color-selective processing (Anllo-Vento, Luck, & Hillyard, 1998) .
The purpose of this study is to investigate the temporal and functional organization of the neural process in perceiving boundary form and surface depth of threedimensional objects generated by stereopsis. In order to do this, ERPs to stereoscopic stimuli generated by RDSs under the multi-dimensional selection task of the depth and form were investigated. On an equivalent basis, each stimulus having orthogonal combination of stereoscopic depth and form was presented in random order when subjects responded to stimulus with a particular combination of depth and form. ERPs could then be compared for stimuli with relevant and irrelevant depth and/or form. In addition, topographical distributions in depth and form relevance effects were compared to explore neural bases contributing to depth and form discriminations of stereoscopic stimuli.
Methods

Participants
Participants were screened for good binocular vision by TNO Stereovision Tables (TNO, 1972) . Furthermore, in the preliminary practice sessions (100-200 trials), participants who showed difficulties in discriminating the depth or form of the experimental stimuli (more than 1 s) were excluded. In the results, 12 subjects (five males and seven females), aged 19-27 years (with a mean of 22.5), participated in this study. All had normal or corrected-to-normal vision. Two males were left-handed. Written informed consent was obtained from each participant after the nature of the study was fully explained.
Apparatus and stimuli
Dynamic RDSs were used as stimuli to remove all monocular cues and to eliminate ERP responses due to changes of random-dot pattern (Julesz, 1971; Lehmann & Julesz, 1978) . Dynamic RDSs, in which 45 types of random-dot patterns were alternated at a rate of 75.4 Hz, were displayed as anaglyphs on a Hitachi monitor, controlled by PsyScope on a personal computer (Macintosh G3) with PsyScope button box (Cohen, MacWhinney, Flatt, & Provost, 1993) . The display was overlapped with images of random-dot patterns of red and green elements (dot density 25%) on a white background, and viewed through a pair of red and green glasses. The stereograms were extended 8°23% × 8°23% of visual angle containing the elements extended 4% ×4%. Viewing distance was 50 cm. The averaged luminance through the red and green glasses was 6.08 and 5.72 cd/m 2 , respectively. The dynamic RDS display having crossed 4% or uncrossed 4% disparity within the area extending 5°36% × 7°50% or 7°50% ×5°36% relative to the surrounding generated cyclopean perception of near vertical, near horizontal, far vertical, or far horizontal squares as shown in the upper part of Fig. 1 . All stimuli had a central visual fixation cross (40% ×40%) on the same depth plane as the surroundings.
Each trial began with static RDSs having only a fixation cross for 800 ms, which was the signal to have participants adjust their convergent eye angle to the fixation cross. Subsequently, the static RDS display was switched to dynamic RDSs. Following 600-1080 ms (five steps, rectangular distribution) of dynamic RDSs with only one fixation, a cyclopean square appeared for 480 ms. After another 480 ms of dynamic RDSs without cyclopean stimuli, the next trial started. The cyclopean stimulus in each trial was randomly sampled from stimulus classes defined by the surface depth (crossed/uncrossed disparity) and the boundary form (horizontal/vertical bar) of the stereoscopic square. Thus, four types of feature pairs, defined by orthogonal combinations of depth and form -crossed horizontal, crossed vertical, uncrossed horizontal, uncrossed vertical -were presented in random order. The probability of presentation of each stimulus was equal (0.25).
Procedure
The experiment consisted of four sessions, each consisting of a practice block (60 trials) and two recorded blocks (each 120 trials). The experimental task was to respond to the presentation of one of four stimuli; particular depth-form combination (crossed vertical, crossed horizontal, uncrossed vertical, uncrossed horizontal) during a session. All stimuli were classified into four types under the task relevance (Fig. 1) . Of all stimuli 25% had a relevant depth and a relevant form (i.e. target, D+ F+ ), 25% had a relevant depth and an irrelevant form (D+ F−), 25% had an irrelevant depth and relevant form (D− F +), and 25% had an irrelevant depth and an irrelevant form (D− F − ). The order of detecting crossed and uncrossed stimuli was counterbalanced across subjects.
The participant was seated in a reclining chair in a sound-and electric-shielded room. Each experimental session started with an instruction and a practice block. The participant was shown the target stimulus for the upcoming blocks and was instructed that the task was to press a button with the right forefinger, as quickly and accurately as possible, when the target was presented. The participant was asked to focus on the fixation cross at the start of every trial, with static RDSs, and to maintain and to minimize any eye movements during the trial, in order to make convergent eye angle constant across trials and sessions because abrupt change of disparity can induce involuntary convergent eye movement (Howard & Rogers, 1995) . This process was repeated for each new conjunction target.
ERP recording
The electroencephalogram (EEG) was measured with an electrocap (Electro-Cap International) attached to 26 silver-silver chloride cup electrodes placed at positions Fp1, Fp2, F7, F3, Fz, F4, F8, T3, C3, Cz, C4, T4, T5, P3, Pz, P4, T6, O1, O2, PO7, PO3, POz, PO4, PO8, Oz, and Iz according to the modified International 10-20 System. All electrodes were referenced to the nose tip. Blinks and convergence eye movements were monitored with electrodes at the right and left outer canthi of the eyes (horizontal electrooculogram (EOG)) and above and below the right eye (vertical EOG). The impedance of the electrodes was kept below 10 kV. The EEG signal was bandpass-filtered at 0.01-30 Hz and the sampling rate was 200 Hz.
Data analysis
Behavioral performance was measured including reaction times (RTs) and percentage of correct responses (hits). Responses were scored as correct if they occurred within 200-1000 ms of target stimulus with relevant depth and form. Responses to nontargets were classified as false alarms (FAs).
A separate average was computed for each of the eight types of stimuli defined by the depth of stimulus (crossed/uncrossed), depth relevance (D+/D− ), and form relevance (F+/F − ) for each electrode location. Averaging epochs were 1000 ms, starting 200 ms before the onset of stimulus and ending 800 ms post-stimulus, correcting for differences in the 200 ms pre-stimulus baseline. Automated artifact rejection was applied to eliminate data epochs contaminated by blinks, saccades, or excessive muscle activity measuring 50 mV. Epochs with incorrect responses were also excluded. On average, 21% of the trials were rejected. There were not large differences in the averaged number between the different conditions.
Grand average ERPs were transformed into average reference on BESA software (version 2.2, MEGIS, Munich, Germany) for topographical mapping using spherical splines (Perrin, Pernier, Bertrand, & Echallier, 1989) . According to the topographical maps, the electrodes for statistical analyses were selected; T5 and T6 electrodes from the lateral occipital sites. The mean voltages of ERPs for 25 ms time windows 100 ms after stimulus onset until 400 ms from those electrodes were submitted to analysis of variance (ANOVA). The following factors were analyzed: stimulus depth (crossed versus uncrossed); depth relevance (D+ versus D−); form relevance (F+ versus F− ); and hemisphere (left, right).
Results
Beha6ioral Data
The hit rates were more than 93% among subjects and stimuli (average, 96%). The averages of RTs (S.D.s) were 508 (57.1) vs. 499 ms (48.7) for the stimuli with crossed and uncrossed disparities; 499 (49.9) vs. 511 ms (55.7) for the vertical and horizontal square, respectively. There were no significant differences according to the kinds of stimuli to be detected regarding the hits and the RTs. The FA rates were greater in response to stimuli with relevant depth (D+F− : 1.4%) than those with irrelevant depth (D− F+ : 0.2%; D− F− : 0.2%), F (2,22)=11.14, PB 0.003.
ERP data
ERPs to cyclopean stimuli
The upper part of Fig. 2 shows the topographical maps of the grand averaged ERP for depth and form irrelevant stimuli (D− F− ) averaged across stimulus dimensions. The ERPs to the stimuli with the other relevance types (stimuli with the relevant depth and form, D+ F+, i.e. target; stimuli with relevant depth and irrelevant form, D+ F− ; and stimuli with irrelevant depth and relevant form D− F+ ) had similar scalp distributions to those demonstrated here. The negative potentials maximal at lateral occipital regions are elicited by the presence of cyclopean stimuli and superimposed by the positive potentials maximal over central sites after around 325 ms. In the lower part of Fig. 2 , the grand averaged ERPs at the occipito-temporal electrode sites (T5 and T6) in the four task relevance types were demonstrated separately for the stimuli with crossed and uncrossed disparity. The occipital negative potentials, initiating at about 120 ms with peak at around 280 ms, have larger amplitude in the right than left sites and for uncrossed than crossed stimuli. These are supported by main effects of hemisphere in the time windows 175 -275 ms and stimulus main effects in the 150-200 and 250-275 ms-windows as shown in Table 1 .
The following sections will also be referred to Table 1 .
Task rele6ance effect
In order to clarify the relevance effects, subtractions were made with regard to relevant and irrelevant values of depth and form (Figs. 3 and 4) . In Fig. 3 , the difference waves at left occipito-temporal electrode (T5) and the topographical maps on depth relevance are shown separately for stimuli with crossed and uncrossed disparity. ERPs to the stimuli with irrelevant depth were subtracted from ERPs to the stimuli with relevant depth separately when the form was irrelevant ((D+ F− )− (D− F− ), D: F − ) and relevant ((D+ F+ )− (D− F+ ), D: F +). First the depth relevance effect was observed as the negative potentials with distribution over lateral occipital sites initiating at about 180 ms and reaching a peak at around 220 ms when the form was relevant (D: F+) and irrelevant (D: F− ). It is supported by the main effects of depth relevance in the time windows 175 -250 ms. The interactions of depth and hemisphere in the 275-350 ms indicate that the negative potentials were larger for the left than the right site in the later range.
In Fig. 4 , the difference waves at the left occipitotemporal electrode (T5) and the topographical maps on form relevance are shown separately for crossed and uncrossed stimuli. ERPs to the stimuli with irrelevant form were subtracted from ERPs to the stimuli with relevant form separately when the depth was irrelevant ((D− F+)− (D− F− ), F: D − ) and relevant ((D+ F+ )− (D+F − ), F: D + ). First the form relevance effect was observed as negative potentials with distribution over left lateral occipital sites initiating at about 200 ms and reaching a peak at around 300 ms or more both when the depth was relevant (F: D+ ) and irrelevant (F: D− ). These are supported by interactions of form and hemisphere in the 200-275 and 300-375 ms. Although the main effects of depth relevance or the form × hemisphere interactions support that the negative difference potentials were elicited both when the other feature was relevant and irrelevant, there might be some danger in the interpretation because of the small amplitudes of these effects and the consequent low signal/noise ratios. To establish the validity of the individual difference potentials, t-test was conducted for each difference waves to assess if they are significantly negative against zero. In order to simplify the analyses, averaged potentials regarding crossed and uncrossed stimuli at the T5 electrode were estimated at 175-250 ms for depth relevance and at 250-325 ms for form relevance. The time intervals were determined by the peak latencies of grand-averaged waveforms (Figs. 3  and 4) . In the results, these negative waves were all significant (D:F+, t (11) Fig. 2 . Although the negative potentials having distributions over central sites are observed both when the other feature was relevant and irrelevant, the positive potentials seem to overweigh the negativities to some extent when the other feature was relevant. The central negativity on depth relevance was enlarged for uncrossed than crossed stimuli, supported by stimulus× depth × hemisphere interactions in the 300-350 ms (Fig. 3) .
The separation between the difference waves with relevant and irrelevant dimensions of the other feature appears to increase for stimuli with uncrossed disparity in relation to those with crossed disparity as observed both in depth and form relevance effects (Figs. 3 and 4) . This is supported by stimulus× depth × form interactions in the 250-400 ms. The post-hoc comparisons were conducted separately for crossed and uncrossed stimuli. Significant depth × form interactions were obtained in the 325-400 ms intervals only for uncrossed stimuli (P B0.01). The most plausible candidate explaining the results is that the left temporal negativities were enlarged for crossed stimuli when the other feature was relevant and canceled the positivity effects, according to the topographical maps. This is supported only in the 350-375 ms by stimulus× depth × form × hemisphere interaction. The post-hoc tests indicate that the depth× form× hemisphere interaction was significant only for crossed stimuli (P B 0.02).
Discussion
Selection negati6ities in global stereopsis
The presence of three-dimensional objects in dynamic RDS display evoked large and broad negative deflections initiating at about 150 ms post-stimulus over lateral occipital sites, having larger amplitudes for stimuli with uncrossed than crossed disparity. Similar negative potentials in the occipital region have been observed by various kinds of subjective contours without luminance-border, defined by disparity, texture, color, or motion (e.g. Srebro, Oguz, & Purdy, 1994; Bach & Meigen, 1997) . Recently, it was suggested that those contours could activate a common region by functional magnetic resonance image (Mendola, Dale, Fischl, Liu, & Tootel, 1999) . This indicates that the negative potentials to cyclopean stimuli might not only reflect activities of the disparity detectors but also general functions such as figure -ground segregation or contour formation.
When the stimuli were relevant regarding the surface depth or boundary form to be detected, more negative potentials were elicited over the occipito-temporal region, starting at around 200 ms and continuing for 200 ms or more relative to the irrelevant stimuli. The enhanced negativities on task relevance are identified as selection negativities (SNs) associated with covert attentional selection of depth and form in global stereopsis. The stereoscopic depth and form SNs had larger amplitude in the left hemisphere, whereas the negative ERPs to cyclopean stimuli were larger in the right hemisphere, suggesting that they cannot be simple amplifications of the stimulus-driven potentials. The depth and form SNs, in spite of the cyclopean domain, are strikingly similar to SNs of usual visual features such as color, orientation, spatial frequency, shape, or motion, according to the latencies and morphologies (e.g. Harter & Previc, 1978; Previc & Harter, 1982; Kenemans et al., 1993; Zani & Proverbio, 1995; Anllo-Vento & Hillyard, 1996; Smid et al., 1997) . The procedure to refocus on fixation at the commencement of every trial can minimize the complication with different sets of convergence eye angle for detecting the stimuli in different depth planes across sessions.
Independent selection of stereoscopic depth and form
Onset of SN waveforms provides high-resolution measure of the time at which a particular feature is discriminated (e.g. Hillyard & Mü nte, 1984; Smid et al., 1997) . Current results show that depth SN initiated (at about 175 ms) earlier than form SN (at about 200 ms), indicating that stereoscopic depth was discriminated earlier than the stereoscopic form. This was also supported by the behavioral results that depth relevant nontarget stimuli (D+ F −) induced more false alarms than the other nontargets (D−F +, D− F − ). Accordingly, it might be suggested that depth processing could be finished at the earlier part of disparity processing than form, as implicated by Kingdom et al. (1999) , because stereoscopic form might need more elaborate processing than stereoscopic depth, including a cooperative process among neighboring disparity detectors. However, the present results do not suggest hierarchically serial processing of depth and form in stereopsis. If so, relevance effect of depth should have been obtained only when the form was relevant.
The latency range of depth and form SNs was widely overlapped and the early parts of them were elicited in the same way when the other feature was both relevant and irrelevant. These indicate that the stereoscopic depth and form were selected in additive and independent ways at least in the neural processes associated with SNs. The type of selection observed with SNs seems to be relatively general in multi-dimensional selections of non-spatial features; orientation vs. spatial frequency (Previc & Harter, 1982; Kenemans et al., 1993) , orientation versus color (Karayanidis & Michie, 1997) , color versus shape (Smid et al., 1997) , and motion versus color or shape (Martin-Loeches et al., 1999) . Note that these features are widely accepted to have the parallel and separate channels in visual cortex (e.g. Livingstone & Hubel, 1985) . It suggests that, although they are both due to binocular disparity, stereoscopic depth and form might have separate channels, implicated by Ziegler and Hess (1999) .
The difference in scalp distributions of the SN indicates that separable neural sources can provide information about the specific brain areas that participate in attentional selection of different stimulus features (Anllo-Vento & Hillyard, 1996; Martin-Loeches et al., 1999; Michie et al., 1999) . Depth and form SNs had similar scalp distributions maximal over the left occipito-temporal site, although the earlier part of depth SN showed less laterality than form SN. Thus, it is unlikely that depth and form SNs were originated to the dorsal 'where' and ventral 'what' streams respectively, the visual channels separated in large extent anatomically and functionally (Ungeleider & Minshjkin, 1982) .
Selecting conjunction of depth and form in stereopsis
In the later part of depth and form relevance effects, they interacted; smaller negativities were elicited to target stimuli than were to be expected by summating the negativities elicited by depth and form relevance per se. Similar results were obtained in the similar paradigm in which target type stimuli are not separated from attentional relevance (Kenemans et al., 1993) . This under-additive interaction of depth and form can be explained as an effect of overlapping occipito-parietal P3b component specific to targets. The overlap of P3b can be avoided by using the paradigm that only nontargets are included in task relevance effect by using third stimulus dimensions (see Hansen & Hillyard, 1983) .
Overriding the under-additive interaction effect, enlarged SNs when the other feature was relevant were observed only for stimuli having crossed disparity. The over-additive enhancement of SNs for both relevant stimuli in the later phase, following initial additive effects of each attribute, has been reported in multi-dimensional selection of an object (Previc & Harter, 1982; Karayanidis & Michie, 1997; Smid et al., 1997; MartinLoeches et al., 1999) . The findings have been explained by two-stage models of multi-dimensional selection (e.g. Treisman, 1999) in which the attributes of an object are processed in parallel by separate dimensional analyzers in a first stage, after which the outcomes of the analyzers are integrated into a unified precept of the object (Previc & Harter, 1982; Smid et al., 1997; Smid, Jakob, & Heinze, 1999) . The facilitative conjunction effect of SNs for crossed but not for uncrossed stimuli can also be interpreted in this line. In this experiment, the convex surface generated by crossed disparity in RDSs had the boundaries in the same depth planes, whereas, in concavity generated by uncrossed disparity, the surface and boundary located in different depths or objects because of the natural constraint in which contours belong to front surfaces. It might as well be associated with the object-based model of selective attention in which better performance could be obtained when targets to be discriminated are on the same object than when they are on different objects, even if the separated objects share the same location (e.g. Duncan & Nimmo-Smith, 1996) .
Following SN effects, depth or form relevance was associated with central negativities, of which depth relevance effect showed larger amplitudes for stimuli with uncrossed disparity. The central negativities were identified as N2b according to the scalp distribution and latency, reflecting ''the covert orientating of attention, after an earlier identification process has determined that the stimulus has to be attended'' (Wijers et al., 1989b ; see also Näätänen, 1992) . Generally, near stimuli can attract attention more acute and faster than far stimuli (Downing & Pinker, 1985; Gawryszewski, Riggio, Rizzolatti, & Umilta, 1987; Andersen & Kramer, 1993) , although it is not always the case (e.g. Previc & Blume, 1993; Theeuwes, Atchley, & Kramer, 1998) . Hence, detecting relevant far stimuli might require more attentional demand in top-down control in comparison to near stimuli, although it is rather speculative.
Finally, frontal positive potential was observed associated with depth and form relevance. The potential was identified as FSP, which is considered to be related more often to task-directed processing than SN and N2b (Smid et al., 1999) , associated with the hypothesis that the prefrontal cortex is crucial for goal-directed intentional behavior (e.g. Posner & DiGirolamo, 1999) . Although the detailed analysis of the FSP is omitted because the overlapping the P3b or N2b disturbs the precise estimation, it seems to be elicited when the other feature was relevant both for crossed and uncrossed stimuli. It might be consistent with the successful performance to detect relevant combinations of depth and form irrespective of the disparity directions.
In summary, for exploring neural processes of perceiving three-dimensional objects in the human visual system, this study investigated ERP indices relating to selection of surface depth and boundary form generated by RDSs. Task relevance of stereoscopic depth or form was associated with SN, FSP and N2b, which have been observed in studies of selective attention using various visual attributes. Although depth and form SNs had similar distribution over occipito-temporal sites, they were initially independent, suggesting that depth and form in global stereopsis have separate channels for the analyses. The enhancement in the later parts of the SNs when the other feature was relevant was observed only for stimuli with crossed disparity, consistent to perceptual utility of the object. These may exhibit electrophysiological substrates of visual feature analyses for the perception of an integrated object in three-dimensions. However, more investigations are required to confirm the validity of using different experimental procedures or other depth cues.
